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In recent years, many learning analytics dashboards 
have been deployed to support insight into learning 
data. The objectives of these dashboards include 
providing feedback on learning activities, supporting 
UHĂHFWLRQDQGGHFLVLRQPDNLQJLQFUHDVLQJHQJDJHPHQW
and motivation, and reducing dropout. These learning 
DQDO\WLFVGDVKERDUGVDSSO\LQIRUPDWLRQYLVXDOL]DWLRQ
techniques to help teachers, learners, and other stake-
KROGHUVH[SORUHDQGXQGHUVWDQGUHOHYDQWXVHUWUDFHV
collected in various (online) environments. The overall 
objective is to improve (human) learning.
The goal of this chapter is to provide a guide to practi-
tioners and researchers who want to get started with 
the development and evaluation of learning analytics 
GDVKERDUGV:HSURYLGHJXLGDQFHDQGVHYHUDOH[DP-
ples, to address the following items:
1. :KDWNLQGRIGDWDFDQEHYLVXDOL]HG"
2. )RUZKRPDUHWKHYLVXDOL]DWLRQVLQWHQGHGOHDUQHU
WHDFKHUPDQDJHUUHVHDUFKHURWKHU"
3. :K\ZKDWLVWKHJRDORIWKHYLVXDOL]DWLRQ"
4. +RZFDQWKHGDWDEHYLVXDOL]HG":KLFKLQWHUDFWLRQ
WHFKQLTXHVFDQEHDSSOLHG":KDWWRROVOLEUDULHV
data formats, et cetera can be used for the technical 
LPSOHPHQWDWLRQV":KDWZRUNĂRZDQGUHFLSHFDQ
EHXVHGWRGHYHORSWKHYLVXDOL]DWLRQ"
In addition to these four questions, we elaborate on 
evaluation aspects that assess the usefulness and 
potential impact of the approach
To Augment the Human Intellect
There is a strong contrast between intelligent systems 
that try to make decisions on behalf of people, such 
as intelligent tutoring systems (Brusilovsky, 2000) 
and educational data mining systems (Santos et al., 
2015), and systems that try to empower people to 
make better-informed decisions. For instance, visual 
analytics systems (Shneiderman & Bederson, 2003) 
SURYLGHDFOHDURYHUYLHZRIWKHFRQWH[WWKHGHFLVLRQV
that can be made, and the potential implications of 
those decisions.
'DWDPLQLQJSOD\VWRWKHVWUHQJWKRIFRPSXWHUVWRGR
QXPEHUFUXQFKLQJZKLOHYLVXDOL]DWLRQWHFKQLTXHVSOD\
to the remarkable perceptual abilities that humans 
possess. The difference between the two approaches 
is like the difference between a self-driving car and 
DFDUZLWKDKXPDQGULYHU'DWDPLQLQJXVHVDXWR-
matic pattern matching for remote control while the 
dashboard provides visual communication to assist a 
human driver who remains in control of the vehicle.
There is a certain philosophical or ethical side to this 
notion of two approaches as well: if learners are always 
WROGZKDWWRGRQH[WKRZFDQWKH\GHYHORSWKHW\SLFDO
21st-century skills of collaboration, communication, 
FULWLFDOWKLQNLQJDQGFUHDWLYLW\"2UDWDPRUHIXQGD-
PHQWDOOHYHOKRZFDQWKH\EHFRPHFLWL]HQVHTXLSSHG
with the knowledge, skills, and attitudes to participate 
IXOO\LQVRFLHW\",QWKLVFKDSWHUZHIRFXVRQPHWKRGV
that augment the human intellect, through visual 
approaches for learning analytics (Engelbart, 1995).
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Information Visualization
,QIRUPDWLRQYLVXDOL]DWLRQLVWKHXVHRILQWHUDFWLYHYLVXDO
representations to amplify cognition (Card, Mackinlay, 
& Shneiderman, 1999). It typically focuses on abstract 
GDWDZLWKRXWDVWUDLJKWIRUZDUGUHSUHVHQWDWLRQLQ'
RU'VSDFH9LVXDODQDO\WLFVSXWVVSHFLāFHPSKDVLV
RQEXLOGLQJPRGHOVDQGYLVXDOL]LQJWKHVHLQRUGHUWR
EHWWHUXQGHUVWDQGRUUHāQHWKHPRGHOV$YHU\XVHIXO
JRDORILQIRUPDWLRQYLVXDOL]DWLRQLVWRUHO\RQKXPDQ
perceptual abilities for pattern discovery (trends, gaps, 
outliers, clusters). These patterns often become more 
apparent visually than numerically. As Ware (2004) 
H[SODLQVLW
The human visual system is a pattern seeker of 
enormous power and subtlety. The eye and the 
YLVXDOFRUWH[RIWKHEUDLQIRUPDPDVVLYHO\SDUDOOHO
processor that provides the highest-bandwidth 
channel into human cognitive centers. At higher 
levels of processing, perception and cognition 
are closely interrelated, which is the reason 
ZK\WKHZRUGVÜXQGHUVWDQGLQJÝDQGÜVHHLQJÝ
DUHV\QRQ\PRXVS[YL
$VVXFKYLVXDOL]DWLRQKDVWKHSRWHQWLDOWREHPRUH
precise and revealing than conventional statistical 
computations (Tufte, 2001).
6WDWLFYLVXDOL]DWLRQVLHDQLPDJHW\SLFDOO\SURYLGH
answers to a limited number of questions that a user 
PLJKWKDYHDERXWDGDWDVHW)RUH[DPSOHVRFDOOHG
infographics are often used for storytelling in jour-
QDOLVP+RZHYHUORRNLQJDWDQHYRFDWLYHYLVXDOL]DWLRQ
often leads to new questions that can only be answered 
by interacting with the data itself (Few, 2009). Adding 
G\QDPLFLQWHUDFWLRQWHFKQLTXHVWRWKHYLVXDOL]DWLRQ
therefore, is often necessary to design meaningful 
YLVXDOL]DWLRQWRROVWKDWHQFRXUDJHH[SORUDWRU\GDWD
analysis.
$QRWKHUDGYDQWDJHRIYLVXDOL]DWLRQLVWKHDELOLW\WR
reveal problems with the data itself; for instance, about 
the way the data has been collected. Especially in the 
case of learning analytics, where (semi-) automated 
trackers often capture traces of learner activities, this 
advantage is valuable for quality control.
:KDWIROORZVLVDQRQH[KDXVWLYHRYHUYLHZLWLV
LPSRUWDQWWRUHFRJQL]HWKHYDULHW\RIDSSURDFKHV
This variety is not surprising given the wide variety 
RIOHDUQLQJDQDO\WLFVGDWDWKDWFDQEHYLVXDOL]HGIRU
a wide variety of audiences and reasons, in a wide 
variety of ways.
9HUEHUWHWDOSUHVHQWDVXUYH\RIOHDUQLQJDQDO\W-
LFVGDVKERDUGDSSOLFDWLRQVÜUDQJLQJIURPVPDOOPRELOH
DSSOLFDWLRQVWROHDUQVFDSHVRQODUJHSXEOLFGLVSOD\VÝ
S'DVKERDUGVWKH\VD\ÜW\SLFDOO\FDSWXUH
DQGYLVXDOL]HWUDFHVRIOHDUQLQJDFWLYLWLHVLQRUGHUWR
SURPRWHDZDUHQHVVUHĂHFWLRQDQGVHQVHPDNLQJDQG
WRHQDEOHOHDUQHUVWRGHāQHJRDOVDQGWUDFNSURJUHVV
WRZDUGVWKHVHJRDOVÝS7KHSDSHUPDNHVXVHIXO
distinction between various types of dashboards:
1. 'DVKERDUGVWKDWVXSSRUWWUDGLWLRQDOIDFHWRIDFH
lectures, so as to enable the teacher to adapt the 
teaching, or to engage students during lecture 
sessions.
2. 'DVKERDUGVWKDWVXSSRUWIDFHWRIDFHJURXSZRUN
and classroom orchestration, for instance by 
YLVXDOL]LQJDFWLYLWLHVRIERWKLQGLYLGXDOOHDUQHUV
and groups of learners.
3. 'DVKERDUGVWKDWVXSSRUWRQOLQHRUEOHQGHGOHDUQ-
LQJDQHDUO\IDPRXVH[DPSOHLV&RXUVH6LJQDOV
WKDWYLVXDOL]HVSUHGLFWHGOHDUQLQJRXWFRPHVDV
DWUDIāFOLJKWEDVHGRQJUDGHVLQWKHFRXUVHVR
far, time on task and past performance (Arnold 
	3LVWLOOL
0RUHVRSKLVWLFDWHGDQGFRPSOH[YLVXDOL]DWLRQV
for detailed analysis of course activity by teach-
ers are the focus of the Student Activity Meter 
*RYDHUWV9HUEHUW'XYDO	3DUGR61$33
IRFXVHVRQWKHYLVXDOL]DWLRQRIVRFLDODFWLYLW\RI
OHDUQHUV%DNKDULD	'DZVRQ
In terms of what is being tracked, the possibilities 
FRQWLQXHWRH[SDQGDVQHZRQOLQHWUDFNHUVEHFRPH
available, capturing more detail of what learners and 
teachers do. As well, new sensors proliferate that 
can likewise capture what people do in the analog 
world. This second data source is evolving especially 
rapidly, with mobile devices that now include sensors 
to report physiological, emotional, and other kinds of 
learner characteristics that have so far mostly eluded 
automated capturing. Besides tracking, self-reporting 
can also be a valuable source of data. Although more 
HUURUSURQHDQGGLIāFXOWWRVXVWDLQV\VWHPDWLFDOO\
self-reporting offers an opportunity for awareness, 
UHĂHFWLRQDQGVHOIDQDO\VLV
As for what can be incorporated into a dashboard, 
9HUEHUWHWDOOLVWVWKHIROORZLQJNLQGVRIGDWD
1. Artefacts produced by learners, including blog 
posts, shared documents, software, and other 
artefacts that would often end up in a student 
project portfolio.
2. Social interaction, including speech in face-to-face 
group work, blog comments, Twitter or discussion 
forum interactions.
3. Resource use can include consultation of documents 
(manuals, web pages, slides), views of videos, et 
WHAT FOR, WHOM, WHY, HOW?
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cetera. Techniques like software trackers and 
eye-tracking can provide detailed information 
DERXWZKDWSDUWVRIUHVRXUFHVH[DFWO\DUHEHLQJ
used and how.
4. Time spent can be useful for teachers to identify 
students at risk and for students to compare their 
own efforts with those of their peers.
5. Test and self-assessment results can provide an 
indication of learning progress.
Figure 12.1 presents one of our more recent dashboards 
&KDUOHHU.OHUN[2GULR]ROD/XLV	'XYDO7KH
dashboard tracks social data from blogs and Twitter. 
6XFKGDWDFDWHJRUL]HGDVartefacts produced, is then 
YLVXDOL]HGIRUstudents. The goal is to support aware-
ness about learning progress and to enable discussion 
in class. To support such awareness and discussion, 
social interactions of students are abstracted in the 
form of learning badges for students to earn. Students 
FDQWKHQH[SORUHZKLFKEDGJHVWKH\KDYHHDUQHG)LJ-
XUHWRSWKURXJKWKHYLVXDOL]DWLRQRIicons and 
colour cues*UD\EDGJHVKDYHQRW\HWEHHQHDUQHG
7KHERWWRPSDUWRI)LJXUHVKRZVDYLVXDOL]DWLRQ
developed for collaborative use on a tabletop that uses 
a node link diagramWRHQDEOHIXUWKHUH[SORUDWLRQRI
WKHVHEDGJHV$PRQJRWKHUWKLQJVVWXGHQWVFDQH[SORUH
ZKLFKRWKHUVWXGHQWVKDYHHDUQHGVSHFLāFEDGJHVDV
a means to compare and discuss learning progress.
Figure 12.2 shows a dashboard that uses grades to 
predict a student’s chances of failing a particular 
FRXUVH2FKRD9HUEHUW&KLOXL]D	'XYDOEH-
fore she starts. The dashboard is intended to support 
teachers in giving advice to students on their learning 
WUDMHFWRULHV0RUHVSHFLāFDOO\WKHGDVKERDUGSUHVHQWV
WKHOLNHOLKRRGRIWKLVSDUWLFXODUVWXGHQWIDLOLQJD
course in which she is interested. The dashboard uses 
colour cues to indicate whether the risk of failure, 
based on past performance, is low (green), medium 
\HOORZRUKLJKUHG'HSHQGLQJRQWKHRXWFRPHWKH
teacher can advise the student to take the course or to 
GLVFXVVDOWHUQDWLYHVVXFKDVāUVWWDNLQJDSUHUHTXLVLWH
course. The dashboard also supports several interaction 
techniques that enable the teacher to indicate which 
data should be taken into account to generate this 
prediction, including sliders at the bottom that enable 
the teacher to specify the range of data in terms of 
\HDUV)RUH[DPSOHLIDVWXGHQWGLGSRRUO\LQ%LRORJ\
LQ*UDGHEXWZRUNHGKDUGHUDQGGLGZHOOLQ*UDGH
Figure 12.1.7RS1DYL%DGJHERDUGØ3HUVRQDO%DGJH2YHUYLHZ$VWXGHQWÚVEDGJHRYHUYLHZIRUDJLYHQSHULRG
(bottom) Navi Surface: students actively using the tabletop display application during a face-to-face session 
(Charleer et al., 2013).
Figure 12.2.0XYDGDVKERDUGWKDWUHSUHVHQWVWKHOLNHOLKRRGRIIDLOLQJDVSHFLāFFRXUVH2FKRDHWDO
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WKH*UDGHPDUNFDQEHGLVUHJDUGHG
To leverage the advanced perceptual abilities of humans 
WRKHOSWKHPH[SORUHDQGGLVFRYHUSDWWHUQVDGHVLJQHU
must create a visual representation or encoding of the 
data (Card et al., 1999). Several steps, outlined below, 
can be distinguished in this design process.
Understand Your Goals
7KHāUVWVWHSLVJHWWLQJWRNQRZWKHSUREOHPGRPDLQ
the data set, the intended end-users of the tool, the 
typical tasks they should be able to perform, and so 
on. The following questions need to be answered at 
this stage:
1. Why:KDWLVWKHJRDORIWKHYLVXDOL]DWLRQ":KDW
TXHVWLRQVDERXWWKHGDWDVKRXOGLWDQVZHU"
2. For whom)RUZKRPLVWKHYLVXDOL]DWLRQLQWHQGHG"
Are the people involved specialists in the domain, 
RULQYLVXDOL]DWLRQ"
3. What:KDWGDWDZLOOWKHYLVXDOL]DWLRQGLVSOD\"'R
WKHVHGDWDH[KLELWDVSHFLāFLQWHUQDOVWUXFWXUH
OLNHWLPHDKLHUDUFK\RUDQHWZRUN"
4. How+RZZLOOWKHYLVXDOL]DWLRQVXSSRUWWKHJRDO"
How will people be able to interact with the vi-
VXDOL]DWLRQ":KDWLVWKHLQWHQGHGRXWSXWGHYLFH"
%\FDUHIXOO\H[DPLQLQJDQGXQGHUVWDQGLQJWKHGDWDVHW
a variety of questions about the data can be formed. 
Having these questions in mind can be useful when 
DFTXLULQJDQGāOWHULQJGDWDIRUWKHGDVKERDUG)RUH[-
ample, consider a data set that contains the following 
learner traces:
• access to learning resources
• WLPHRQSDJHLQGLJLWDOWH[WERRNV
• contributions to discussion fora
• time spent on assignments
)URPWKHVHWUDFHVZHFDQGHāQHVHYHUDOUHOHYDQW
questions as a starting point in the design process. A 
teacher might ask questions like these:
• When did students start looking at the course 
PDWHULDO"
• What is the average time that a student spends 
UHDGLQJWKHWH[WERRN"
• +RZPDQ\KRXUVGLG3HWHUZRUNRQKLVDVVLJQPHQW"
• +RZRIWHQGLG3HWHUDVNDTXHVWLRQRQWKHGLV-
FXVVLRQIRUXP"
A student will probably ask similar questions:
• How much time do I spend on an assignment, 
FRPSDUHGWRRWKHUVWXGHQWV"
• How much do I contribute to the discussion forum, 
FRPSDUHGWRRWKHUVWXGHQWV"
In both cases, we deliberately only list questions that 
VWDUWZLWKÜZKDWÝÜZKHQÝÜKRZPXFKÝDQGÜKRZRI-
WHQÝ7KHVHVSHFLāFGLUHFWTXHVWLRQVFDQEHGLUHFWO\
PDSSHGLQDGDWDVHW4XHVWLRQVOLNHÜWhy did this 
student have to enroll twice in this course?ÝWKHDQVZHU
LVPRUHH[SORUDWRU\LQQDWXUH,QGLFDWRUVPD\EHWKDW
he did not spend enough time on the course material, 
did not interact with fellow students on the discussion 
forum, started to study the course material too late, 
DQGVRRQ$QRWKHUGLIāFXOWTXHVWLRQWRDQVZHUZRXOG
EHÜAre students more eager to work on assignment 
1 or assignment 2?Ý(YHQLIPXFKGDWDLVFDSWXUHGLW
LVGLIāFXOWWRDQVZHUTXHVWLRQVLQYROYLQJKXPDQPR-
tivations based on a plurality of (un)known variables. 
Especially in the early phase of design, it is therefore 
RIWHQDGYLVDEOHDQGHDVLHUWRIRFXVRQGLUHFWVSHFLāF
questions.
Acquire and (Pre-)Process Your Data
Building a visual dashboard typically entails a data-gath-
HULQJDQGSUHSURFHVVLQJVWHS9LVXDOL]DWLRQH[SHUWV
suggest that this step takes 80% of the time and effort 
YHUVXVDOORWKHUVWHSV0F'RQQHODQG(OPTYLVW
identify the following intermediary steps:
1. Acquiring raw data: It is important to have a clear 
idea of where the data will come from (e.g., the log 
āOHVRIWKH/06DVVHVVPHQWUHVXOWVRWKHUDQG
when the data will be updated (continuously, not at 
DOODWVSHFLāFLQWHUYDOV:LOOWKHGDWDEHDYDLODEOH
WKURXJKDQ$SSOLFDWLRQ3URJUDPPLQJ,QWHUIDFH
$3,DQH[SRUWāOHRUVRPHRWKHUVRXUFH"
2. Analyzing raw data'DWDPD\QHHGWREHFOHDQHG
if some values are missing or erroneous, or 
pre-processed to compute aggregate values (mean, 
PLQLPXPPD[LPXPHWFHWHUD,QGDWDDQDO\VLV
distribution can also be an issue: are there apparent 
RXWOLHUVFOXVWHUVHWFHWHUD"
3. 3UHSDULQJDQGāOWHULQJGDWD: Using the initial 
questions from step 1, choose the relevant data 
IURPWKHSRRORIDQDO\]HGUDZGDWD
Mapping Design
Important in the visual mapping design is to choose 
a representation that best answers the questions you 
want users to be able to answer, i.e., that serve your 
YLVXDOL]DWLRQJRDOIRUWKHLQWHQGHGWDUJHWDXGLHQFH
7KHUHH[LVWVDPXOWLWXGHRIDOWHUQDWLYHV2QHZD\WR
start is to look at the measurement or scale of each 
data characteristic. Nominal or qualitative scales 
differentiate objects based on discrete input domains, 
VXFKDVFDWHJRULHVRURWKHUTXDOLWDWLYHFODVVLāFDWLRQV
WRZKLFKWKH\EHORQJ4XDQWLWDWLYHVFDOHVKDYHFRQ-
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WLQXRXVLQSXWGRPDLQVHJ>@2UGLQDOVFDOHV
have discrete input domains where the order of the 
HOHPHQWVPDWWHUVEXWWKHH[DFWGLIIHUHQFHEHWZHHQWKH
YDOXHVGRHVQRW'HSHQGLQJRQWKHVFDOHRIWKHGDWD
characteristic, one can choose how to encode this 
GDWDYLVXDOO\)LJXUHGHSLFWV0DFNLQOD\ÚV
ranking of visual properties to encode quantitative, 
ordered, and categorical scales. For instance, the 
spatial position of an element is useful for encoding 
quantitative, ordered, and categorical differences. 
This is why scatterplots have been used so often to 
convey a variety of information. Length, on the other 
hand, can encode quantitative differences, but is of 
less value for encoding ordered and categorical dif-
ferences. Shape is at the bottom of the ranking for 
YLVXDOL]LQJTXDQWLWDWLYHDQGRUGHUHGGLIIHUHQFHVEXW
is more often used to depict categorical data.
/RZāGHOLW\SURWRW\SHVVXFKDVSDSHUVNHWFKHVDUH
often helpful during the design-mapping step. Figure 
GHSLFWVDQH[HUFLVHJLYHQWRWKHSDUWLFLSDQWVRI
WKHÜ%ULQJ<RXU2ZQ'DWD9LVXDO/HDUQLQJ$QDO\WLFVÝ
WXWRULDORUJDQL]HGDWWKH/HDUQLQJ$QDO\WLFV6XPPHU
,QVWLWXWH/$6,3DUWLFLSDQWVLQFOXGHGUHVHDUFKHUV
with good knowledge in learning analytics, but limited 
NQRZOHGJHDERXWYLVXDOL]DWLRQ7KH\ZHUHDVNHGWRWDNH
PLQXWHVWRVNHWFKDOOSRVVLEOHZD\VWRYLVXDOL]HD
VLPSOHGDWDVHWRIWZRQXPEHUV^`7KHH[HUFLVH
illustrated to participants that from the moment they 
VWDUWVNHWFKLQJLWLVQRWGLIāFXOWWREUDLQVWRUPYLVXDO
HQFRGLQJVRIGDWD7KLVLVUHĂHFWHGLQWKHQXPEHURI
sketches that two teams of two persons each were able 
to generate in 15 minutes (see Figure 12.4a and 12.4b).
By sketching, more ideas and questions about the data 
set are often raised, which in turn leads to new ideas 
IRUYLVXDOL]DWLRQ)RUH[DPSOH
• Figure 12.4c: participants represented the difference 
between the numbers quite originally by relating 
them to age, where a person of 37 can easily lift 
weights, while a person of 73 might already need 
a walking stick.
• )LJXUHGDGGVPXVFOHVL]H
• )LJXUHHXVHVVKDGLQJRIDQHTXDOO\VL]HGFLUFOH
with 75 versus 37 stripes.
• Figure 12.4f: uses a position in a Cartesian coor-
dinate system.
• )LJXUHJYLVXDOL]HVDSDUWWRZKROHUHODWLRQVKLS
between the numbers.
• Figure 12.4h: assumes a time-based relationship 
between both numbers, which leads to a negative 
trend line.
• Figure 12.4i: uses point clouds.
• )LJXUHMYLVXDOL]HVDQXQEDODQFHGVFDOHWR
represent a difference in weight.
• )LJXUHNFRUUHODWHVWKHVL]HRIWKHāJXUHZLWK
WKHVL]HRIWKHQXPEHU
$IWHUVHOHFWLQJDYLVXDOHQFRGLQJKLJKāGHOLW\SURWRW\SHV
FDQEHEXLOWXVLQJYLVXDOL]DWLRQWRROVOLNH7DEOHDXRU
HYHQ0LFURVRIW([FHORUH[LVWLQJYLVXDOL]DWLRQOLEUDULHV
OLNH3URFHVVLQJRU'MV
Clearly some alternatives work better than others, 
GHSHQGLQJRQWKHFRQWH[WXDOL]DWLRQHJZHLJKWDQG
age) and the ability to be interpreted by users (e.g., the 
mental model of a balanced scale). There is, therefore, 
QREHVWZD\WRYLVXDOL]HDGDWDVHWEXWVRPHWHFK-
niques have been proven to work better than others, 
IRUH[DPSOH
• 3LHFKDUWVDUHXVXDOO\DEDGLGHD)HZ
• Bar charts can be quite powerful.
• &RRUGLQDWHGJUDSKVHQDEOHULFKH[SORUDWLRQ
Figure 12.3.0DFNLQOD\ÚVUDQNLQJRIYLVXDOSURSHUWLHVIRUGDWDFKDUDFWHULVWLFVRQTXDQWLWDWLYHRUGHUHG
and categorical scales.
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• 'JUDSKLFVRIWHQGRQRWFRQYH\DQ\DGGLWLRQDO
information and force the reader to deal with 
UHGXQGDQWDQGH[WUDQHRXVFXHV/HY\=DFNV
7YHUVN\	6FKLDQR
• Scatterplots and parallel coordinates are good 
representations for depicting correlations. In 
addition, Harrison, Yang, Franconeri, & Chang 
(2014) found that among the stacked chart variants, 
WKHVWDFNHGEDUVLJQLāFDQWO\RXWSHUIRUPHGERWK
WKHVWDFNHGDUHDDQGVWDFNHGOLQH(OOLRW
has presented a nice overview of these studies.
Documentation
$VZLWKDQ\GHVLJQH[HUFLVHLWLVLPSRUWDQWWREH
H[SOLFLWDERXW
1. Rationale: Why were certain decisions made, 
ZKDWZDVWKHLQWHQW"
2. Alternatives: Which alternatives were considered 
DQGZK\ZHUHWKH\QRWZLWKKHOG"
3. Evolution: How has the design evolved from early 
VNHWFKHVWRDIXOOEORZQLPSOHPHQWDWLRQ":KDW
ZDVPRGLāHGIRUFRQFHSWXDOUHDVRQVDQGZKDWIRU
implementation or other reasons (logistics, lack 
RIWLPHRWKHUUHDVRQV"
Add Interaction Techniques
9LVXDODQDO\VLVW\SLFDOO\SURJUHVVHVLQDQLWHUDWLYH
SURFHVVRIYLHZFUHDWLRQH[SORUDWLRQDQGUHāQHPHQW
+HHU	6KQHLGHUPDQ%HIRUHDQDO\]LQJZKLFK
LQWHUDFWLRQWHFKQLTXHVDUHXVHIXOIRUDVSHFLāFYLVX-
DOL]DWLRQDSSOLFDWLRQLWLVXVHIXOWRXQGHUVWDQGWKH
typical analytical tasks performed by teachers who 
want to understand how their students are doing in 
FODVV6HYHUDOWDVNWD[RQRPLHVKDYHEHHQGHVFULEHG
in literature for this purpose. Common tasks include:
• &RPSDULQJYDOXHVDQGSDWWHUQVWRāQGVLPLODULWLHV
and differences.
• Sorting items based on a variety of data values 
or metrics.
• Filtering values that satisfy a set of conditions.
• +LJKOLJKWLQJGDWDWRPDNHVSHFLāFYDOXHVVWDQGRXW
visually without making all other data disappear, 
DVLVWKHFDVHZLWKāOWHULQJGDWD
• Clustering or grouping similar items together; for 
H[DPSOHE\DJJUHJDWLQJTXDQWLWDWLYHGDWDHJ
average, count, et cetera) to view it in a higher 
or lower level of detail.
• $QQRWDWLQJāQGLQJVDQGWKRXJKWV
• %RRNPDUNLQJRUUHFRUGLQJDVSHFLāFYLHZRQWKH
data to enable effective navigation.
Heer and Shneiderman (2012) is essential reading on 
interactive dynamics for visual analytics. The authors 
SUHVHQWDWD[RQRP\RILQWHUDFWLYHG\QDPLFVWKDWFRQ-
tribute to successful visual analytic tools. For each 
WDVNFDWHJRU\YDULRXVH[LVWLQJYLVXDOL]DWLRQV\VWHPV
are described with useful interaction techniques that 
support the task at hand, such as brushing and linking, 
KLVWRJUDPVOLGHUV]RRPDEOHPDSVG\QDPLFTXHU\
āOWHUZLGJHWVVPDOOPXOWLSOHGLVSOD\VRUWUHOOLVSORWV
multiple coordinated views, visual analysis histories, 
and so on.
Evaluate Continuously
'XULQJWKHGHVLJQSURFHVVWKHHODERUDWLRQRIFRQFUHWH
personas and scenarios can be very rewarding as it 
helps to focus the design, development, and evaluation 
RIWKHYLVXDOL]DWLRQRQZKDWLVUHOHYDQW,WLVYHU\HDV\
WRJHWFDUULHGDZD\ZLWKWRRPXFKÜH\HFDQG\ÝDQGORVH
WUDFNRIWKHZKDWIRUZKRPDQGZK\WKHYLVXDOL]DWLRQ
Figure 12.4. Sketches of a small data set of two numbers {75, 37}.
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LVEHLQJGHVLJQHG*HQHUDOO\DXVHUFHQWUHGGHVLJQ
8&'DSSURDFKSURFHHGVZLWKLWHUDWLYHGHYHORSPHQW
that keeps the target users in the loop in continuous 
F\FOHVRIGHVLJQ×LPSOHPHQWDWLRQ×HYDOXDWLRQ,QWKLV
way, the development can focus on the most relevant 
issues for teachers or learners at all times.
7KHHYDOXDWLRQRILQIRUPDWLRQYLVXDOL]DWLRQV\VWHPV
is essential. A plethora of techniques can be used, 
LQFOXGLQJFRQWUROOHGH[SHULPHQWVWKDWHYDOXDWHGLI-
IHUHQWYLVXDOL]DWLRQDQGLQWHUDFWLRQWHFKQLTXHVRU
āHOGVWXGLHVWKDWDVVHVVWKHLPSDFWRIDYLVXDOL]DWLRQ
RQOHDUQLQJ3ODLVDQW7KHODWWHUWDNHSODFHLQ
natural environments (classrooms) but are often time 
FRQVXPLQJDQGGLIāFXOWWRUHSOLFDWHDQGJHQHUDOL]H
1DJHOHWDO9HUEHUWHWDOVXJJHVWWKH
following evaluation techniques:
1. Effectiveness, which can refer to engagement, 
higher grades or post-test results, higher reten-
tion rates, improved self-assessment, and overall 
course satisfaction.
2. (IāFLHQF\LQWKHXVHRIWLPHRIDWHDFKHURUOHDUQHU
3. Usability and usefulness evaluations often focus 
on teachers being able to identify learners at risk 
or asking learners how well they think they are 
performing in a course.
Typical evaluation instruments include questionnaires 
RUFRQWUROOHGH[SHULPHQWVZKHUHWLPHWRWDVNHUURUV
PDGHWLPHWROHDUQHWFHWHUDDUHHYDOXDWHG'LOOHQ-
bourg et al., 2011).
,QIRUPDWLRQYLVXDOL]DWLRQFRQFHSWVDQGPHWKRGRORJLHV
are key enablers for
• Learners to gain insight into their learning actions 
and the effects these have.
• Teachers to stay aware of the subtle interactions 
in their courses.
• Researchers to discover patterns in large data 
sets of user traces and to communicate these 
data to their peers.
$VVKRZQLQWKLVFKDSWHUYLVXDOL]DWLRQKDVWKHXQLTXH
potential to help shape the learning process and 
HQFRXUDJHUHĂHFWLRQRQLWVSURJUHVVDQGLPSDFWE\
creating learning analytics dashboards that give a 
concise overview of relevant metrics in an actionable 
ZD\DQGWKDWVXSSRUWWKHH[SORUDWLRQRISDWWHUQV
'HVLJQLQJDQGFUHDWLQJDQHIIHFWLYHLQIRUPDWLRQYL-
VXDOL]DWLRQV\VWHPIRUOHDUQLQJDQDO\WLFVLVDQDUWDV
WKHGHVLJQHUQHHGVERWKGRPDLQH[SHUWLVHRQOHDUQLQJ
theories and paradigms as well as techniques rang-
ing from visual design to algorithm design (Nagel, 
6SHQFH,QWKLVFKDSWHUZHKDYHEULHĂ\
LQWURGXFHGWKHYDULRXVVWHSVLQDYLVXDOL]DWLRQGHVLJQ
process, from raw data analysis to effective dashboards 
evaluated by target users.
CONCLUSION
$UQROG.(	3LVWLOOL0'&RXUVH6LJQDOVDW3XUGXH8VLQJOHDUQLQJDQDO\WLFVWRLQFUHDVHVWXGHQW
success. Proceedings of the 2nd International Conference on Learning Analytics and Knowledge (LAK ’12), 29 
$SULO×0D\9DQFRXYHU%&&DQDGDSS×1HZ<RUN$&0
%DNKDULD$	'DZVRQ661$33$ELUGÚVH\HYLHZRIWHPSRUDOSDUWLFLSDQWLQWHUDFWLRQProceedings of 
the 1st International Conference on Learning Analytics and Knowledge/$.Ú)HEUXDU\×0DUFK
%DQII$%&DQDGDSS×1HZ<RUN$&0
%UXVLORYVN\3$GDSWLYHK\SHUPHGLD)URPLQWHOOLJHQWWXWRULQJV\VWHPVWRZHEEDVHGHGXFDWLRQ,Q
**DXWKLHU&)UDVVRQ.9DQ/HKQ(GVProceedings of the 5th International Conference on Intelligent 
Tutoring Systems,76×-XQH0RQWUHDO4&&DQDGDSS×6SULQJHUGRL
B
&DUG6.0DFNLQOD\-	6KQHLGHUPDQ%(GVReadings in information visualization: Using vision to 
think%XUOLQJWRQ0$0RUJDQ.DXIPDQQ3XEOLVKHUV
&KDUOHHU6.OHUN[-2GULR]ROD6/XLV-	'XYDO(,PSURYLQJDZDUHQHVVDQGUHĂHFWLRQWKURXJK
FROODERUDWLYHLQWHUDFWLYHYLVXDOL]DWLRQVRIEDGJHV,Q0.UDYFLN%.URJVWLH$0RRUH93DPPHU/3DQ-
QHVH03ULOOD:5HLQKDUGW	7'8OOPDQQ(GVProceedings of the 3rd Workshop on Awareness and Re-
ĂHFWLRQLQ7HFKQRORJ\(QKDQFHG/HDUQLQJ$57(/Ú6HSWHPEHU3DSKRV&\SUXVSSSS×
'LOOHQERXUJ3=XIIHUH\*$ODYL+-HUPDQQ3'ROHQK6%RQQDUG4&XHQGHW6	.DSODQ)
Classroom orchestration: The third circle of usability. Proceedings of the 9th International Conference 
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